Background: Over the last 20 years stress at work has been found to be predictive of several conditions such as coronary heart disease, high blood pressure and non-specific sick leave. The Karasek demand/ control/strain concept has been the most widely used in prospective epidemiological studies. Objectives: To describe distribution in Karasek's demand/control (DC) dimensions as well as prevalence of strain in samples from different parts of Europe grouped into three regions (South, Middle, Sweden), adjusting for occupation. To describe gender differences in Karasek's DC dimensions along with strain prevalence and assess the regional stability of those differences in different occupational groups. Design: The Job stress, Absenteeism and Coronary heart disease in Europe (JACE) study, a Concerted Action (Biomed I) of the European Union, is a multicentre prospective cohort epidemiological study: 38,019 subjects at work aged 35-59 years were surveyed at baseline. Standardised techniques were used for occupation coding (International Standardised Classification of Occupations) and for the DC model (Karasek scale): five items for the psychological demand and nine items for the control or decision latitude dimensions, respectively. Results: A total of 34,972 subjects had a complete data set. There were important regional differences in the Karasek scales and in prevalence of strain even after adjustment for occupational class. Mean demand and control were higher in the Swedish centres when compared to two centres in Milano and Barcelona (Southern region) and values observed in four centres (Ghent, Brussels, Lille and Hoofddorp) in Middle Europe were closer to those observed in the Southern cities than to those obtained in the Swedish cities. Clerks (ISCO 4) and, more specifically, office clerks (ISCO 41) exhibited the smallest regional variation. In a multivariate model, the factor 'region' explained a small fraction of total variance. In the two Southern centres as well as in the four Middle European centres, men perceived marginally less job-demand as compared to women whereas the reverse was observed in the two Swedish centres. Differences were larger for control: men appeared to perceive more control at work than did women. In a multivariate model, gender explained a small fraction whereas occupational level explained a large fraction of the variance. Conclusions: In this standardised multicentre European study Karasek's DC model showed large gender and occupational differences whereas geographic region explained a small fraction of the total DC variance, notwithstanding large differences in labour market and working conditions as pointed out by the European Commission as recently as 2000.
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S
tress has been an object of biomedical research for many decades and has resulted in both psycho-social models (1) as well as patho-physiological models (2) (3) (4) . In the last two decades a more narrow concept of stress in terms of situation, namely stress at the workplace or 'job-stress' has been the object of a large variety of research both applied and fundamental in nature.
One of the leading theoretical models in the job-stress literature is the 'Demand/Control' (DC) model developed by Karasek and Theorell (5) and initially involving two major dimensions of job stress: psychological demands and decision latitude at work. The association of high demand and low decision latitude leading to a highly-strained situation is proposed to be the cause of adverse health outcomes (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . In terms of Karasek and Theorell's model this defines the highstrain group, as opposed to the no-strain or less-strained situations, a combination of passive jobs (low demand/low control), active jobs (high demand/high control) and relaxed jobs (low demand/high control).
Geographical differences in labour market and working conditions have been observed. Higher rates of long duration unemployment as well as overall lower activity rates are observed in the South of Europe when compared to the North (18) with, as a consequence, a higher dependency ratio in the South (19) . Moreover, voluntary part-time employment (18) , extra payment for special working hours (night, weekends) (20) and contractual and voluntary social security contributions by the employer (21) were more frequently observed in Sweden when compared to the South. Geographical differences in working conditions leading to differences in job satisfaction and perception of exposure to health and safety hazards have been described (20) . Hence, our hypothesis that some or all of these European differences in working conditions could be related to differences in prevalence of job strain across Europe as well as differences in distribution of DC scales with a possible North/South gradient. Although the study of the mechanisms through which diversity of working conditions might influence differences in job strain is the domain of occupational psychology and sociology, they can be empirically tested by epidemiology in a very large European data set such as the multicentre, prospective JACE study (Job stress, Absenteeism and Coronary Heart Disease in Europe). The primary objectives and design of the JACE study have been described elsewhere (22) .
The aim of this paper is to report on potential geographic differences in the scales of the Karasek model as well as on gender differences, taking into account the occupational level in samples from different parts of Europe.
Materials and methods

Samples
Samples were supplied by eight centres across six countries: Belgium (Ghent and Brussels), Italy (Milano), France (Lille), Spain (Barcelona), Sweden (Malmö and Göteborg) and The Netherlands (Hoofddorp). Centres were regrouped into three European regions: Southern Europe, Middle Europe and Sweden. Table 1 shows the contribution of each centre. A total of 38,019 subjects were screened. 1140 subjects were excluded from the analysis due to missing job title and/or missing education level, whereas 1907 subjects were excluded for incomplete job stress scales. Overall loss for missing data amounted to 8%. In total 34,972 subjects aged 35-59 years (23,553 men and 11,419 women) were available for analysis.
Barcelona, Göteborg and Malmö supplied random samples of the general population, while the rest supplied occupational samples from a wide variety of administrations and industries. All subjects on the payroll working full-or part-time, were invited to participate. Fields of activity included manufacturing, power supply, car assembly, municipal employees, health care, postal service, insurance and banking, chemical industry, among others.
For the three population samples all randomly selected subjects were invited to participate, but only those employed at the time of the screening were retained. The participation rate varied across centres from a low, 38% in Malmö and 45% in Brussels, to a high, 87% in Hoofddorp and 73% in Barcelona and Milano with intermediate figures in other centres (64% in Göteborg and 65% in Ghent).
Questionnaires were self-administered except in Barcelona where they were administered by an interviewer due to literacy problems.
Job stress questionnaire
Two key scales were available in every centre, namely, 'psychological demands' (five questions) and 'decision latitude' (nine questions) enabling allocation of subjects to each of the four quadrants defined by the combination of those two dimensions (5) . Only two groups were considered: subjects under strain (i.e. scoring above median for demand and below median for control) versus every other combinations. The Malmö centre questionnaire had different answer options for the same questions; a calibration study in a subsample using the two questionnaires allowed scores to be converted (23) .
The questionnaire was translated from English-American to Swedish, Dutch, French, Italian and Spanish and then back-translated to English to assess the semantic equivalence of the different versions. Validity and reliability of the scales were studied for the Dutch and French versions of the questionnaire (24, 25) .
Missing value replacement: whenever (at most) one item happened to be missing per scale (i.e. 1/5 for demand and/or 1/9 for control) this item was attributed the mean value of other items for that dimension in the same individual (13) .
For the purpose of geographical comparisons, all centres were combined and computed medians were occupation and gender specific, whereas for gender comparisons, medians were ccupation and centre specific.
Job title
Occupations were coded in each centre using the ISCO-88 classification (26) . For practical reasons, however, full precision coding (four digits) could not be attained in every centre, thus two-digit coding was considered as the lowest common denominator. Between-centre quality control was assessed by comparing ISCO-88 codes assigned to a sample of 20 occupations. Kappa agreement between eight centres was 79.6% (precision: two digits).
A subset of ISCO-88 occupation codes with sufficient numbers was specifically analysed across the eight centres: ISCOs 4, 5, 7, 8 and 9 in men and 4, 5 and 9 in women. Secondary analyses were also performed with tighter control for job title, on the following occupational subgroups: 12, 41, 71, 72, 91 in men and 41, 51 and 91 in women.
Finally, levels of education were standardised across the eight centres using the MONICA (MONItoring of trends and determinants in Cardiovascular Disease) questions (27) .
Statistical analysis
To analyse psychological demand and decision latitude scores, multiple linear regression was applied. In a first step, a block of chosen variables, including the variables under study (region or gender), and potential confounders were entered in the model.
All categorical variables were transformed into dummies before being introduced in the models. In a second step, interaction terms between variables under study and other factors were tested using partial F-tests (28) . If an interaction proved to be significant, separate models were fitted in the categories of the factor that caused the interaction. Multiple logistic regression was used to analyse strain (dichotomous variable). The same strategy of model building as that described for linear regression was applied. For the purpose of geographical analysis, besides region (reference category: South), education (two categories), ISCO-88 (reference: first category, lowest level) and Regional and gender differences in perceived job stress age (continuous) were included in the regression equations. The analysis was conducted separately in men and women. In all analyses, the interaction OCCUPATION · REGION was highly significant (P < 0.001). Therefore, new models were established after stratification for job title. For the purpose of gender analysis, confounders introduced in the multivariable models were job title (reference category: lowest level), age and education. Occupational classes retained for analysis when controlling for ISCO-88 with one digit of precision were ISCO 4, 5 and 9. When controlling for jobtitle with two digits of precision we selected ISCO-88 41 and 91. These ISCO categories were selected as they formed sufficiently large groups in both men and women and across clusters of centres.
The GENDER · REGION interaction was highly significant for demand and control, but not for strain. Hence, all gender comparisons were conducted separately for the three region groups (South Europe, Middle Europe, Sweden).
The dichotomous strain indicator (high strain quadrant versus others) was designed, controlling for centre and job title. Tables 2a and 2b show, separately for men and women, relationships between the three outcome variables (demand, control, strain) and age, education, region and occupational groups.
Results
Univariate analyses
Age
Whereas mean job control score increased with age, mean job demand remained stable, resulting in higher strain prevalence in the younger. Men showed higher average job control and lower job demand scores when compared to women (P < 0.001 for comparisons in all sub-groups). Job strain prevalences are slightly higher in women.
Education
Job control increased faster with education than job demand resulting, in both genders, in a lower strain prevalence in the more educated. 
Region
In both genders the Swedish centres showed higher values in mean job demand and control and lower values in strain prevalence as compared to the two other regions.
Occupation
Mean demand and control scores were lower and job strain was more prevalent in less qualified occupational groups. When stratifying for occupation, mean control scores were, in general, higher in men as compared to women. The reverse situation was observed for job demand. Prevalence of strain was higher in men in the occupations of 'legislators, senior officials and managers' and in 'clerks'. The other seven occupational groups showed a higher prevalence of strain in women reaching statistical significance in 'skilled agricultural and fishery workers' and 'elementary occupations' (P < 0.05).
Multivariate analyses
Region Table 3A gives age and education adjusted standardised regression coefficients for demand and control in men, by region, stratifying for occupation. Odds ratios (ORs) are given for strain.
Both for job demand and job control, differences appeared to be more marked between the Swedish and the Southern centres than between the Middle and the Southern centres. All coefficients for Swedish versus South centres were positive and all but one were significant at the 0.001 level whereas, for Middle versus Southern centres, in some occupational groups, we observed negative coefficients only statistically significant for control.
Regional differences appeared to be much smaller for clerks than for the other occupational groups. Table 3A also shows adjusted coefficients for specific occupations (two digit ISCO codes). The same patterns emerged, i.e significant positive coefficients for demand and control in the Swedish compared with the Southern centres.
For strain, in two out of five occupational groups a decreasing gradient in the ORs from South Europe to Sweden was observed. In more specific occupations the same is observed from Southern to the Swedish centres in three out of five groups, reaching statistical significance for corporate managers (ISCO 12) and sales and services in elementary occupations (ISCO 91). However, the association between strain and region was quite different for services and sales workers in which prevalence of strain was significantly higher in the Swedish and Middle as compared to the Southern European centres (ISCO 5).
Results in women were similar to those in men, although a restricted set of occupations was studied due to smaller numbers (table 3B) . Differences between the Swedish and the Southern centres outweighed differences between the Middle and the Southern centres, coefficients for the Swedish versus the Southern centres were always positive, some coefficients for the Middle versus the South being negative. Regional differences for clerks and office clerks were smaller than for other occupations, especially for demand.
When looking at the association between strain and region, the decreasing Southern-Swedish trend observed in ISCO 4, 9 and 41, 91 parallels that observed for the same occupational groups in men, although the 5% level of significance was reached only for ISCO groups 4 and 91.
The percentages of variance explained by the factor region, in men, were small, averaging 3.8% for job demand and 1.9% for job control. These percentages were somewhat higher when considering more specific occupations: 6.1% on average for demand and 5.2% for control. Percentages of variance explained by region in women were consistently smaller than in men in every comparable occupation class.
Sensitivity study
We reran the previous analyses excluding data from the Malmö centre in Sweden due to the calibration performed on the job content scales of that centre and observed (strain in men) no material differences in the pattern of relationship. Two examples of ORs excluding Malmö; Swedish centres against Southern centres: ISCO 4, OR 0.59 (with Malmö: 0.73), ISCO 8, OR 1.10 (with Malmö: 1.28). No differences with respect to the main analysis were observed and the pattern of the relationship remained similar.
In summary, regional differences in reported job strain were observed in both genders, independent of age and education, although those differences varied across occupational groups without homogeneous patterns.
They explained only a small fraction of the variance of demand and control in both men and women.
Gender
Gender comparisons were repeated separately in each centre cluster (Southern, Middle, Swedish). Table 2A for location of centres c: DR
2
: proportion of additional explained variance when the factor is entered in the model CI, confidence interval ***P < 0.001; **P < 0.01; *P <
0.05
Regional and gender differences in perceived job stress
Analyses were performed on subjects belonging to ISCO 4, 5, 9 and ISCO 41, 91. Table 4 gives standardised regression coefficients for demand and control scales (men versus women) along with ORs for strain (men/women).
Job demand
Southern and Middle European groups showed a lower value in mean demand in men when compared to women. The situation is reversed in the Swedish centres where mean demand was higher in men. Percentages of additional variance explained when introducing factor gender in the models were quite low (<1%).
Job control
Mean value for control was significantly higher in men (versus women) in all ISCO subgroups (independent of age and education).
Regression indicates that gender explained more variance for control than it did for demand: percentages range from close to 0.7% (South, ISCO 41þ91) to 3.1% (North, ISCO 41, 91) .
Variance explained by the factor gender is higher in the Swedish centres.
The gender differential in job-control is higher in the Swedish centres as compared to the Middle and Southern European centres (interaction term GENDER · CENTRE significant).
Strain
Independent of age and level of education:
in all ISCO groups retained, job strain prevalence was significantly higher in women and similar in all regions; women perceived less control than men did. The relation appeared less consistent as far as demand was considered. These unequal differences on the DC scales materialised further in substantial differences in proportion of strained women when compared to men (in the selected occupational classes); gender effect appeared stable across occupational groups but could differ according to the geographical provenance of the data (in selected occupational classes).
It is worth noting that the geographical gradient observed for gender, in a restricted set of occupational classes (4, 5, 9 and 41, 91), was amplified when we introduced the factor 'occupation class' in the model.
Discussion
There are few published studies comparing DC scales between countries and/or continents and, when available, the comparisons are performed for the whole working population without taking into account differences in workforce structure between countries. This is the case for the publication by Karasek et al. (29) the only other study focusing on the relation of cultural and gender differences across six large databases from the USA, Canada, The Netherlands and Japan.
This study is, to our knowledge, the first European multicentre study that has been able to study potential regional and gender differences in the Karasek model (psychological demands, control and job-strain), independent of age and education, in selected occupational classes, across some parts of Europe using standardised occupational groups (ISCO 88). CI, confidence interval ***P < 0.001; **P < 0.01; *P < 0.05
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Regional differences
In both men and women, mean job demand and control were higher in the two Swedish centres as compared to the two Southern centres with adjusted values in Middle European centres closer to those observed in the South than to those observed in Sweden. Job strain was less prevalent in the Swedish than in the Southern centres in two out of five occupational groups (i.e. clerks, more specifically office clerks, elementary occupations, more specifically sales and services elementary occupations), whereas it was lower in the South in services workers.
Overall, the regional factor appeared to be a weak independent predictor of perceived stress at work.
An analysis of covariance performed on pooled data (with respect to job titles) indicated that the proportion of variance explained by job title defined at the two digit level, was by far larger than the variance explained by the factor region (data not shown).
Few studies have compared perceived stress at work across countries or regions, and a large section of those that have are rather qualitative and performed on a limited number of subjects and/or occupations. The present study was carried out using a quantitative instrument administered in a standardised way using a common coding instrument (ISCO-88) to a large sample of employed subjects and to a reasonably large set of occupations in six countries of the European Union, therefore providing an improvement with respect to the scope previous studies.
Nevertheless, our study also has limitations: its external validity is limited by the fact that the whole workforce was not represented. For instance, in Belgium and France only large companies were included. Although the mixture of population with occupational samples could be criticised, we believe that in this particular study it is an advantage and does not introduce significant selection bias because occupational samples were derived from a wide variety of companies, administrations and industries. At the same time, employed subjects enrolled from the population samples contributed with a larger variety of jobs than would be possible with occupational samples alone, thus encompassing almost all occupational strata. The most important fact is the representativeness of all occupational strata in the three European regions, although it should be acknowledged that the term 'regions' refers only to the location of the eight centres and does not in any way reflect the representativeness of the total workforce of these cities and even less so for the three regions. Some selection bias due to differences in response rates across centres cannot be excluded.
The stress measurement instrument being rather taskoriented was perhaps not best suited to capture cultural or organisational differences in working conditions. Despite the size of this survey, comparisons across centres could only be performed between some occupational classes defined at a one or two digits precision level of the ISCO classification. A residual confounding effect cannot be ruled out. Regional or occupational level heterogeneity in the DC model could reflect different interpretation of scale items due to socio-cultural background. This holds true for all standardised questionnaires translated in different languages or even administered in the same language to subjects from different professional levels. In our study the Karasek questionnaire was translated and back-translated to English, in order to be relatively sure that questions had the same meaning in the six languages used (in Barcelona, two languages, Spanish and Catalan and in Belgium both French and Dutch were used).
Among the reviewed studies, which used methodologies quite different from ours, all concluded that there were differences in stress perception according to the national/cultural membership of the groups compared. Using a qualitative approach, differences were found between French and Italian school teachers (30) , as well as between air traffic controllers from Canada, New-Zealand and Singapore (31), whereas a quantitative approach showed differences between assembly workers in Sweden and in Indonesia (32) and between British and German managers (33) .
Still closer to our design, was a study comparing broad samples of working populations from different countries/continents (29) . Using the DC Karasek scales the authors reported no important variations in mean and standard deviation of the scales between the USA, Canada, The Netherlands and Japan, although without adjustment for heterogeneity in occupation distribution. We are aware that, in Europe, there are heterogeneities in labour force structure between countries/regions (for instance more manufacturing orientated in the South, more service orientated in the North) and, further, that DC scales are correlated with occupations (25) . Thus, the new information supplied by our study is that country/region-based differences in stress perception exist but with different magnitudes according to occupational class. One common finding between our study and Karasek's is that the observed percentage of variance explained by the factor region was low.
Proposed explanations for these regional differences in stress perception are culture, economic environment and work organisation with unavoidable interactions between these factors.
Culture could determine stress perception-related dimensions such as coping strategies (34) or social support (31); economic environment could confer variable social status to a given occupation (32) triggering under or over-reporting of stress. It is most probable that the Southern Europe/Swedish gradient in economic development has not completely disappeared, GDP, unemployment, activity rate and dependency ratio being less favourable in the South as compared to the North (19) .
Work organisation is also quoted by Pedrabissi et al. (30) and Kirkcaldy and Cooper (33) .
The smaller regional difference observed in clerks or office clerks could be attributed to the widespread diffusion of computer-based work. Should this be an indication of international homogenisation of specific production processes, with some occupations leading the movement, only a future study within 5-10 years could confirm this hypothesis.
Gender differences
Our study showed that, adjusting for age, education and occupational groups, men perceived less psychological job demand than women did (although marginal). This was true for the Southern and Middle European centres, the relation being reversed in the Swedish centres.
Gender-based differences appeared to be larger for job control, with men perceiving higher control at work than women.
The deficit of job control in females, however, increased towards less qualified occupations (univariate). Percentage of variance explained by the factor gender was also larger for control than for demand. Gender was a weak predictor of DC dimensions in our study. Heterogeneity in gender-based DC differentials seemed to exist between regions, the gender effect being larger in the Swedish as compared to the Southern centres.
Job strain was less prevalent in men than in women, without apparent regional heterogeneity. However, a tighter control for occupation could reveal a Southern Europe-Swedish gradient.
Other DC models also showed lower perceived job control in women (35) , or that women tended to report more stress symptoms than men, both in univariate and multivariate analysis (36) . With respect to the demand dimension, no gender differences were found by either Brisson et al. (37) or Sorensen et al. (38) . Our results are thus in agreement with others.
Most of the studies using the DC model showed a female disadvantage in perceived control at work: without (5) and with adjustment for occupation (6,37).
